Water shortage and deterioration become more serious along with industrial and urbanization development. Optimal environmental flows management strategies make sense to the water shortage and pollution problems. In this paper, using Baiyangdian Lake as a case study, we first divided the whole lake into thirteen sub-areas by GIS, and analyzed the features of each sub area. The numerical eutrophication model based on WASP7, integrating hydrodynamics with water quality, was established to simulate water quality processes in Baiyangdian Lake. Internal dissolved oxygen cycle, nutrient cycle, phosphorus cycle and phytoplankton growth were considered in the model. Monitoring data in Baiyangdian Lake were used for model parameters calibration and model validation. Using the model above, we analyzed water quality variation in the scenarios of different non-point source loads and different artificial water releasing into the lakes, which revealed the relationships between water quality improvement and artificial water allocation. The results showed that return water such as industrial wastewater and domestic sewage with large organic load would worsen the eutrophication of Baiyangdian Lake, and reducing pollutant loads or transferring water into lake could improve water quality to certain degree. Detailed spatial distribution of water quality could supply key information for ecological water demand and water allocation further. According to the simulated results, the ecological water demand were 3.87 10 8 m 3 /a, 3.70 10 8 m 3 /a, 3.23 10 8 m 3 /a, respectively. Optimal water quality management strategies have been proposed for Baiyangdian Lake to improve water environment based on the water quality model.
Introduction
Water shortage and deterioration are both the dillama for the lake managers, which result in sharp decrease of ecosystem services and functions. Assessment of environmental flows for the lakes can provide scientific basis for water management, regulation and configuration, which has been taken attention by many researchers since 90s [1] .
Along with the industry and urbanism development, large quantity of sewage discharges into lakes and worsens the water quality. Water quality is becoming more important in water management of the lakes, and it becomes one of basic factors that should be considered in environmental flows and environmental water allocation. However, most of the researches on environmental flows are still focusing on water quantity, but neglecting water quality [2] , which makes the theory of environmental flows break away from the practice, and hard to realize effective protection of aquatic ecosystem. Wang et al. [2] studied ecological water requirement from the standpoint of water quality and quantity, and considered that it includes both surface water and reclaimed water. Wu et al. [3] established one optimal allocation model with considering of water quality and quantity, in which economics, society, environment and ecology have been taken into account. Furthermore, it is important for the lake managers to acknowledge the spatial distribution of water quality in the whole lake before some environmental flows management measurements have been taken. Some researchers have adopted existing water quality modelling software to simulate water quality in the lakes [4] [5] [6] [7] [8] ; while there is a lack of consideration of the water quantity and quality together or application in environmental flow management.
This paper simulated spatial distribution of water quality by using WASP7, and analyzed water quality variation in the scenarios of different non-point source loads and different artificial water releasing into the lakes, which revealed the relationships between water quality improvement and artificial water allocation. Using a shallow freshwater lake (Baiyangdian Lake, China) as a case study, the simulation approach could supply a useful tool of the adaptive management for the lake managers.
Study area
Baiyangdian Lake (38°43′N to 39°02′N, 115°45′E to 116°07′E) is one of the greatest freshwater wetlands in northern China, located in Xin´an County, Hebei province (Fig. 1) . The total area of Baiyangdian Lake is 362.8 km 2 . The lake plays an important role in habitat for species, protection against floods, water purification, amenities and recreational opportunities for the northern of China. However, in the last twenty years, water interception by dam in the upstream and excessive water use by human being have directly resulted in decreasing in water levels in Baiyangdian Lake, which brought about the negative influence in its ecosystem services and functions. Realizing the importance of ecosystem health, lake managers have been attached more importance to environmental flows management, which means additional water would be recharged into the lake to raise the water level and restore the deteriorated wetlands. At present, water only from Fuhe River flows into Baiyangdian Lake, and before the water inflows to the lake, it runs through a detention treating pond to further reduce pollutants loads. More nitrogen and phosphorus into the lake are from the villages about Baiyangdian Lake. There are 39 villages in raised fields and 84 villages in surrounding area, and the total population reaches 271 thousand. Domestic sewage, excrement, waste from livestock breeding and aquiculture flow into lake, which bring severe eutrophication pollution (Table 1) . According to the survey in 2006, Baiyandian was seriously eutrophicated, and the eutrophication index nearly reached 90. According to the environmental quality standards for surface water (GB3838-2002), concentration of cyanide, fluoride, sulfide, volatile phenol, oil and most heavy metal in Baiyangdian Lake could all satisfy the demand of class II water quality. However, indexes such as ammonia (NH 3 -N), total nitrogen (TN), total phosphorus (TP) and COD mostly couldn't meet the requirements of class III water quality ( Table 2 and Table 3 ). Based on the analysis of pollutants loads and actual water quality, dissolved oxygen (DO), ammonia (NH 3 -N), organic nitrogen (Org-N) and organic phosphorus (Org-P) were selected to simulate by WASP7.
Model specification
The eutrophication sub-model 'EUTRO' was used to simulate these indexes above. It consists of four interacting systems: dissolved oxygen, nitrogen cycle, phosphorus cycle and phytoplankton kinetic, and can simulate transport and transformations of up to eight state variables (Fig. 2) . Net flow was selected pertaining to mass and water being moved without regard to net flow. Euler was selected as solution technique, which is the traditional one that has been in WASP since its inception. Impact factors such as temperature, wind speed, daily solar radiation, light extinction, sediment oxygen demand, and phytoplankton were considered while simulating by WASP. The preliminary parameters were set according to reference [10] [11] [12] , and then were amended through simulation (Table 4) . 
Results

Spatial Administrative Division
We have divided the lake into thirteen sub-areas used based on the lake functioning by using GIS (Fig. 3) . The administrative division, monitoring station distribution and water environmental functional zones were considered. The borders between theses sub-areas were mainly based on administrative division, and further revised by considering the numbers and distribution of monitoring points. Area of each segment was listed in Table 5 . 
Water quality simulation in various scenarios
(1) Do-nothing scenario
We have simulated the changes of DO, NH 3 -N, Org-N, and Org-P from Aug. to Sep in 2009 without any measurements adopted.
Dissolved oxygen decreased fast in the first ten days, and then varied gently. However, the concentration in each segment was all less than 5 mg/L, which is Class III water quality standard. NH 3 -N in each segment had a rising trend in condition of large loads. Org-N had different variations in these segments in the first three days. Most had a decreasing trend caused by mineralization, and then increased along with the load input. Meanwhile, Org-P had a gentle ascend trend in condition of large organic load. As Figures 4-7 shown, the pollution of segment 4 including Nanliu Village was the worst, in which ammonia, org-N and org-P concentration were the highest, reaching 68.18 mg/L, 2.94 mg/L and 1.2 mg/L respectively. If no measures have been adopted, water quality in the lake would be deceased sharply, so the lake managers should take some actions to improve water environment and ecosystem. According to the analysis above, segment4 was polluted worst, which includes Nanliu Village, and is near the inlet of Fuhe. Therefore, we took it as the typical area to research. 
(2) With the different pollutants discharged strategies
To help the lake managers adopt the reasonable actions, we have simulated the water quality in the scenarios of reducing pollutants loads with 30% and 50% of the actual load. Taking segment 4 as the typical area, the results were compared with the state of no treatment. (Fig. 8) . In the scenarios of 30% and 50% pollutant loads reduced, ammonia had a descend trend in the first five days, and then trended to balance. The final simulated concentrations were 1.2 mg/L and 0.86 mg/L, compared with 68.18 mg/L with no treatment (Fig. 9) . Org-N concentration changed very gentle and trended to balance with load reduced. The simulation end concentration reached 1.0 mg/L and 0.72 mg/L, respectively (Fig. 10 ). Org-P concentration with load reduced dropped in the fist few days, and then trend to balance. The final simulated concentrations were 0.16 mg/L and 0.11 mg/L (Fig. 11) . Therefore, water quality could be improved in certain degree by reducing pollutants loads. Dissolved oxygen had an obvious ascend trend. They reached 5 mg/L in September 4th and August 24th, respectively, and met Class III of water quality standard (Fig. 12) . Ammonia concentration in Nanliu Village had a gentle descend trend with no increasing (Fig. 13) . However, they still didn't match the demand of Class III due to the large organic loads. The final simulated concentration was 6.24 mg/L and 4.31 mg/L, respectively. As shown in Fig.14 and Fig.15 , Org-N and Org-P concentration still increased as time went on. But the ascend trend was more gentle than that with no water transfer. Org-N of both conditions was 2.07 mg/L and 1.87 mg/L, instead of 2.94 mg/L. Affect of water transfer on Org-N was less than that on dissolved oxygen and ammonia. Meanwhile, Org-P concentration was 0.49 mg/L and 0.40 mg/L at the end of these two simulations. To sum up, water transfer could ease the water deterioration to a certain extent. However, the quantity of water transfer would be severe researched according to the specification of water quality, ecosystem and so on. Ideal ecological water demand which wasn't considered of water quality and dilution ratio of return water may not solve the problem completely.
(4) Primary estimation of ecological water demand
According to the research above, we set different scenarios to simulate, and estimated ecological water demand for Baiyangdian Lake. Since primary treatment could remove 30% of organic loads, secondary treatment could remove 90% of organic loads, and wastewater treatment efficiency of city or organizational system town should be no less than 50%, we set 30%, 50% and 90% as the simulated treatment rate. For each treatment rate, we set a sub series of 0 m 3 /s, Table 6 , and compared with that resulted from the old approach without considering water quality. Fig.16-19 showed that water quality in Baiyangdian Lake with 90% loads reduced could improve in case of providing appropriate environmental flow. However, the decision of treatment efficiency should be considered of many factors, such as treatment cost, types and distribution of pollutants. This paper just listed some typical ones to research. . 
Baiyangdian
Discussion
Just considering water quantity may not solve the water shortage problem in water manage and allocation. Not only nature factors such as ecological structure, function, value and nature environment changes should be paid attention to, but water quality should be also valued, especially in some pollution-induced water shortage areas. Water consumption, quality and quantity of return water are the key factors for ecological water demand, and that is water resource utilization efficiency, regression coefficient and dilution ratio. Research effects of return water loads on water quality can help calculate ecological water requirement and make sense to water management and allocation. This paper simulated dissolved oxygen, ammonia, organic nitrogen and organic phosphorus of Baiyangdian Lake using WASP7, and analyzed water quality variation in different scenarios. The results showed that return water such as industrial wastewater and domestic sewage with large organic load would worsen the eutrophication of Baiyangdian Lake, and reducing pollutant loads or transferring water into lake could improve water quality to certain degree. Predicting water quality variation by WASP supplies information for water allocation. In return, reasonable ecological water demand and optimized water distribution could increase water resource utilization efficiency and alleviate organic loads on water. They form a virtuous circle. Therefore, predicting water quality variation doesn't just only offer information for calculating ecological water, it is not the final objective. The key is to optimize water allocation and reduce loads on water in this process.
Conclusions
Using a shallow freshwater lake (Baiyangdian Lake, China) as a case study, this paper has simulated spatial distribution of water quality, especially eutrophicated indexes, by using WASP 7, and analyzed water quality variation in the scenarios of different non-point source loads and different artificial water releasing into the lakes, which reveals the relationships between water quality improvement and artificial water allocation. Detailed spatial distribution of water quality could supply key information for ecological water demand and water allocation further. The simulation approach could supply a useful tool of the adaptive management for the lake managers.
